The Gotschlich procedure for the production of carbohydrate antigens from the supernatant fluids of cultures of Neisseria meningitidis groups A and C was modified. Steps involving digestion with nucleases and gel filtration through Sephadex G-50 were added, the number of extractions was greatly reduced, and high-speed centrifugations were eliminated. The antigens thus obtained appeared to be entirely comparable to those described by Gotschlich et al. in physical, chemical, and antigenic properties. A slight degree of protection of mice was repeatedly demonstrated with extraordinarily large doses of antigen (50 azg/mouse), but not with smaller doses. Toxicity of the antigens for laboratory animals was very slight.
Gotschlich, Liu, and Artenstein (6) recently isolated group-specific polysaccharide antigens of high molecular weight from group A and group C Neisseria meningitidis. The toxicity of these polysaccharides for the mouse, guinea pig, or rabbit was shown to be insignificant, and no adverse reactions were produced in man (4, 5) . These polysaccharides did not elicit antibodies in laboratory animals, but were excellent immunogens for man (4) . When vaccinated with group C polysaccharide, a significantly lower proportion of individuals acquired group C meningococcus infection than comparable unvaccinated individuals (5) .
The procedure of Gotschlich et al. (6) is based on the use of a cationic detergent to precipitate the polysaccharides from the whole culture. The work here described represents an effort to simplify some of the steps of the procedure and some of the methods for the evaluation of the antigens.
MATERIALS AND METHODS
The group A N. meningitidis strain (MK-204), resistant to 50 ,g/ml of sulfadiazine, was isolated in Meknes, Morocco, in December 1966 by Alexander et al. (1) , from the spinal fluid of a patient. The group C strain (NOR 20), sulfadiazine-sensitive, was isolated in Norfolk, Va., in February 1965 by E. S. Dunbar, from the nasopharynx of an individual who became ill 2 weeks later and from whom a group C meningococcus was isolated from the spinal fluid. Seed cultures were maintained at -70 C, and inocula were obtained from overnight growth on MuellerHinton agar slants. Passive hemagglutination tests were performed as described previously (7) by use of formalinized tanned sheep erythrocytes. Tests of immunogenicity were performed in inbred NIH-NMRI mice, weighing 12 to 15 g at the time of antigen injection. The mice were challenged intraperitoneally 10 days after injection with cells suspended in 5% gastric mucin (Nutritional Biochemical Corp., Cleveland, Ohio) and were observed for 4 days. Toxicity tests were performed with New Zealand white rabbits, weighing approximately 1.5 kg, and with guinea pigs, weighing about 300 g at the time of injection.
Optical density was determined with DU or DB spectrophotometers (Beckman Instruments, Inc., Fullerton, Calif.), except that a Cary instrument (model 14M; Cary Instruments, Monrovia, Calif.) was employed when observations extended to very low wavelengths. Protein, phosphorus, and sialic acid were determined, respectively, by the methods of Lowry et al. (8) , Bartlett (2) , and Warren (9) .
RESULTS AND DISCUSSION Preparation of the antigens. The microorganisms were grown in lots of 1 to 1.5 liters of the medium of Watson and Scherp (10) , slightly modified, of the following composition. Part A consisted of: Vitamin Free Casamino Acids (Difco), 10 g; Na2HPO4 7H20, 2.6 g; KCl, 90 mg; L-cysteine hydrochloride H20, 12 mg; and triple-distilled water, 1,000 ml. This mixture was adjusted to pH 7.4 and autoclaved. Part B contained: glucose, 5 g; MgSO4-7H20, 0.6 g; and L-tryptophan, 2.5 mg. The components of part B were dissolved in small volume, sterilized by filtration, and added to part A. The cultures were incubated for 16 hr at 37 C with moderate shaking. As in the experiments of Gotschlich et al. (6) , considerable difficulty was encountered in growing the microorganisms in large volumes in the medium of Watson and Scherp (10) . Growth was obtained consistently, however, under the conditions shown above. Disposable bottles (2-liter capacity) were particularly useful, because Cetavlon (hexadecyltrimethylammonium bromide, technical, Matheson, Coleman, and Bell, Cincinnati, Ohio), which was added at the end of the period of growth, was not entirely removed from the glass during washing, and subsequent growth of the meningococci in the same containers was seldom possible.
The antigens were precipitated from the supernatant fluids and dried by a procedure similar to that described by Gotschlich et al. (6) . The only major difference was the reduction of the concentration of ethyl alcohol from 80% (6) This change reduced the precipitate to about one-half. The procedure of purification of the antigens (Fig. 1) was quite different. A series of steps, which included two centrifugations at 100,000 X g and several extractions with chloroform plus n-butyl alcohol and chloroform alone (6), were replaced by digestion with nucleases and removal of the enzymes and other proteins by single extractions with phenol and chloroform followed by gel filtration. This method is similar to one previously used in this laboratory by Considine, Hammond, and Kingsbury (Bacteriol. Proc., p. 90, 1968) for the separation of cellular antigens. Cold freshly redistilled phenol was used to avoid the possibility of fragmentation of the carbohydrate molecule. As is apparent from Fig. 2 , the nucleic acids remaining in the crude antigen preparations were reduced by enzymatic digestion to small molecules which were readily removed by Sephadex G-50 gel filtration.
The yield of purified A or C antigen was approximately 3 to 5 mg per liter of culture.
Sensitization of erythrocytes. As shown in Table   1 the minimal amounts which optimally sensitized 1 ml of 1% tanned formalinized sheep erythrocytes. Good sensitization was also obtained with 0.6 tig of antigen A and 2.5 ,ug of antigen C. Our minimal optimal amounts were almost identical to those reported by Gotschlich et al. (6) .
Physical and chemical properties. Determinations of the absorption spectra of the two antigens indicated the presence of single absorption maxima, estimated to occur at 191 or 192 nm. Antigen A rose more rapidly to its absorption maximum than antigen C. Neither absorption spectrum revealed the presence of significant amounts of nucleic acid or of aromatic rings. Even though Beer's law could be applied only with considerable error, spectrophotometric measurements at 220 nm were useful for the rough comparison of concentrated specimens.
The elution pattern of antigen C from a column a Each mouse was inoculated intraperitoneally with 50 mg of antigen dissolved in physiological saline and challenged 10 days later with the homologous strain. The practice of injecting control mice with saline was discontinued when it was shown that it had no effect on the results.
of Sephadex G-200 gel was determined in the experiment illustrated in Fig. 3 . The fractions were examined for absorbance at various wavelengths, as well as for sensitizing properties of sheep erythrocytes. By both criteria, it appears that antigen C eluted in the same fractions as Blue Dextran or in the few subsequent fractions. The absorbance patterns of fractions 4, 7, and 10 ( Fig. 3) Toxicity for guinea pigs and rabbits. Antigens A and C were each injected intraperitoneally into four guinea pigs (500 Ag/guinea pig), and rectal temperatures and weights were determined daily for 1 week. No elevation of temperature was noted, and the guinea pigs gained weight normally.
The reaction in rabbits is summarized in Table  3 . Intradermal doses as large as 1 mg caused redness and swelling, but no necrosis. The skin reactions produced by 100-jug doses were slight.
Three rabbits that were injected intravenously with 1-mg doses of A antigen and three rabbits that received 1 mg of C antigen displayed no obvious sign of illness and survived.
The above-described results clearly indicate that the antigens produced in these experiments are very similar, if not identical, to those described by Gotschlich et al. (6) . The extent of freedom from extraneous material and from endotoxin is comparable (4). The methods here described for the preparation and evaluation of the antigens may offer, in the hands of some investigators, a considerable simplification.
